The geological setting and formation of the Rosebery   volcanic hosted massive sulphide orebody Tasmania by Green, GR
THE GEOLOGICAL SETTING AND FORMATION OF 
THE ROSEBERY VOLCANIC-HOSTED MASSIVE 
SULPHIDE OREBODY, TASMANIA. 
by Geoffrey R. Green, B.Sc.(Hons.) 
A thesis submitted in partial fulfillment of the 
requirements for the degree of Doctor of Philosophy. 
UNIVERSITY OF TASMANIA 
HOBART 
1983 
\ 
Except as stated herein, this thesis contains no material 
which has been accepted for the award of any other degree or 
diploma in any University, and, to the best of my knowledge 
and belief, this thesis contains no copy or paraphrase of 
material previously published or written by another person, 
except where due reference is made in the text of the thesis. 
Geoffrey R. Green. 
September, 1983 
"Rosebery: A tale of despair." 
••• B1ainey (1954) 
CONTENTS 
ABSTRACT 
Chapter 1 INTRODUCTION 
Previous literature 
Acknowledgements 
Chapter 2 REGIONAL GEOLOGY 
2.1 Precambrian framework 
2.2 Clastic sequences of the Dundas Trough 
2.3 Mount Read Volcanics 
(i) Central sequence 
(ii) Western sequence 
(iii) Tyndall Group 
2.4 Late Cambrian to Devonian sequences 
2.5 Devonian deformation 
2.6 Devonian to Late Carboniferous granitoid 
emplacement and mineralization 
Chapter 3 GEOLOGY OF THE ROSEBERY AREA 
3.1 Mount Read Volcanics 
(i) Footwall pyroclastics 
(ii) Host rock 
(iii) Black slate 
(iv) Massive pyroclastics 
(v) Mount Black Volcanics 
(vi) Cauldron subsidence 
3.2 Rosebery Group 
(i) Eastern units 
(a) Chamberlain Shale 
(b) Stitt Quartzite 
(c) Westcott Argillite 
(ii) Central units 
(a) Mudstone-dominated sequence 
(b) salisbury Conglomerate 
(c) Natone Volcanics 
(iii) Munro Creek Formation 
3.3 Crimson Creek Formation 
3.4 Structure 
3.5 Environment of deposition and provenance of the 
Rosebery Group 
3.6 Regional extent of the Rosebery Group and 
correlates 
3.7 Relationship between the Rosebery Group and the 
Mount Read Volcanics 
3.8 Tectonic History 
(i) Previous Models 
(ii) Constraints on a Tectonic Model 
(iii) Discussion and Tectonic Model 
page 
vi 
1.1 
1.2 
1.3 
2.1 
2.1 
2.3 
i 
2.8 
2.8 
2.10 
2.11 
2.12 
2.13 
2.13 
3.1 
3.1 
3.1 
3.6 
3.7 
3.9 
3.14 
3.16 
3.17 
3.19 
3.19 
3.21 
3.27 
3.29 
3.29 
3.31 
3.34 
3.35 
3.35 
3.36 
3.49 
3.53 
3.56 
3.61 
3.61 
3.62 
3.67 
Chapter 4 THE ROSEBERY OREBODY: FORM, METAL ZONING AND MINERALOGY 4.1 
4.1 Form 4.1 
4.2 Gross mineralogy and texture 4.5 
4.3 Metal zoning 4.8 
4.4 Mineralogical zonation 
(i) Arsenopyrite 
(ii) Sphalerite 
(iii) Pyrrhotite 
(ivl Magnetite and hematite 
(v) Barite 
(vi) Albite 
(vii) Chlorite 
(viii) sericite 
(ix) Carbonate 
Chapter 5 HYDROTHERMAL ALTERATION 
5.1 Geological and textural relations 
5.2 Chemical changes 
5.3 Comparison with other deposits 
5.4 Trace elements in footwall pyrite 
Chapter 6 SULPHUR ISOTOPE INVESTIGATION 
page 
4.18 
4.18 
4.21 
4.25 
4.26 
4.27 
4.27 
4.27 
4.33 
4.33 
5.1 
5.1 
5.5 
5.10 
5.13 
6.1 
6.1 Introduction 6.1 
6.2 Results of the sulphur isotope study 6.3 
(i) Sulphide orebody 6.3 
(ii) Footwall schist 6.8 
(iii) Barite orebody 6.8 
6.3 Isotope fractionation between coexisting minerals 6.9 
6.4 Source of sulphur 6.12 
Chapter 7 METAMORPHISM OF THE OREBODY 
7.1 Introduction 
7.2 Pressure estimates 
(i) Geological estimate 
(ii) Sphalerite geobarometry 
7.3 Pyrite-pyrrhotite sulphur isotope fractionation 
7.4 Biotite and garnet 
7.5 Arsenopyrite-tennantite 
7.6 Chlorite 
7.7 Discussion 
Chapter 8 CONDITIONS OF ORE FORMATION 
8 .1 Introduction 
8.2 Chemical environment of ore formation 
8.3 Deposition on the seafloor 
8.4 Generation of the ore solution 
8.5 Features of Rosebery-type deposits 
Chapter 9 CONCLUSIONS 
REFERENCES 
Appendix 1 Specimen catalogue 
2 Mines Department Drill Hole Rosebery 1 
3 Pyrite separation method 
4 Thermodynamic data 
5 Lag ("S04/"H2Sl versus pH and T diagrams 
6 Sulphur isotope geathermornetry 
7.1 
7.1 
7.1 
7.1 
7.2 
7.2 
7.3 
7.5 
7.9 
7.20 
8.1 
8.1 
8.2 
8.10 
8.17 
8.20 
9.1 
R.1 
A1.1 
A2.1 
A3.1 
A4.1 
AS.l 
A6.1 
ii 
Table 3.1 
4.1 
4.2 
4.3 
4.4 
4.5 
5.1 
5.2 
5.3 
6.1 
6.2 
7.1 
7.2 
8.1 
LIST OF TABLES 
Stratigraphy of Rosebery Group. 
Mineralogy and texture of samples from selected sections. 
Fit of trend surfaces to metal distribution data. 
Composition of arsenopyrites. 
Composition of sphalerites. 
Composition of gangue minerals. 
Analyses of altered and unaltered Mt Read Volcanics. 
Percentage change of components in altered footwall 
pyroclastics. 
Co, Ni, and Mn in footwall schist pyrite. 
Sulphur isotope data. 
Sulphur isotope fractionation data for metamorphosed 
massive sulphide deposits. 
Structural formulae of chlorites. 
Values of log a0 2 and Xs for Rosebery chlorites 
Comparison of Rosebery-type and Kuroko-type ores 
LIST OF FIGURES 
Figure 1.1 Locality map of central western Tasmania. 
2.1 Geological map of western Tasmania. 
2.2 Geological map of central-western Tasmania. 
2.3 Geological history of northwestern Tasmania. 
3.1 Geology of the Rosebery area. 
3.2 Hand specimen of welded tuff, footwall pyroclastics. 
3.3 Photomicrograph of welded tuff, footwall pyroclastics. 
3.4 Shard texture, footwall pyroclastics. 
3.5 Shard texture, cleaved footwall pyroclastics. 
3.6 Sandstone in black slate. 
3.7 Hand specimen of massive pyroclastics. 
3.8 Ovoids in tuff, massive pyroclastics. 
3.9 Pumice tuff, massive pyroclastics. 
3.10 Welded tuff, north Pieman River area. 
3.11 Breccia, Mt Black Volcanics. 
3,12 Volcaniclastic sandstone, Chamberlain Shale. 
3.13 Amalgamated sandstone beds, Stitt Quartzite. 
3.14 Groove casts, Stitt Quartzite. 
3.15 Granule sandstone, Stitt Quartzite. 
3.16 Sandstone, Stitt QUartzite. 
3.17 B-C turbidite, Stitt Quartzite. 
3.18 Load casted sandstone, Stitt Quartzite. 
3.19 Sandstone bed thickness diagram, Stitt Quartzite. 
iii 
page 
3.57 
4.7 
4.12 
4.22 
4.24 
4.30 
5.7 
5.11 
§.14 
6.4 
6.6 
7.14 
7.15 
8.25 
in pocket 
2.2 
2.4 
2.6 
in pocket 
3.2 
3.2 
3.4 
3.4 
3.8 
3.8 
3.13 
3.13 
3.15 
3.15 
3.20 
3.20 
3.22 
3.22 
3.24 
3.24 
3.25 
3.26 
List of Figures cont. 
Figure 3.20 Siltstone, Westcott Argillite. 
3.21 Slide conglomerate, Westcott Argillite. 
3.22 Sphalerite-bearing clast in conglomerate, Westcott 
Argillite. 
3.23 Geological map of area around fold hinge at 
76 76E, 7740N. 
3.24 Graded sandstone bed, Westcott Argillite. 
3.25 Dolerite clast in conglomerate, Westcott Argillite 
correlate. 
3.26 Salisbury Conglomerate, Pieman River Gorge. 
3.27 Sandstone, Crimson Creek Formation. 
3.28 Fault contact between the Mt Read Volcanics and 
Stitt Quartzite. 
3.29 Lenticles of sandstone in black slate. 
3.30 E-W cross section through Rosebery Group at 
7800mN. 
3.31 Poles to bedding and cleavage, Rosebery Group. 
3.32 ~-w cross section through Rosebery at 7350roN. 
3.33 Disrupted bedding in sandstone-mudstone unit. 
3.34 Tectonic breccia in slide zone. 
3.35 Fault contact between 1-lestcott Argillite correlate 
and Munro Creek Formation. 
3.36 Cross sections through Rosebery Group correlates 
north of Pieman River. 
3.37 Cross section through correlates of Rosebery Group 
south of Williamsford. 
3.38 Late Cambrian palaeography of Rosebery area. 
3.39 Present tectonic elements of Taupo-Hikurangi zone 
3.40 Evolution of Dundas Trough. 
4.1 Cross section through Rosebery orebody at 500 N. 
4.2 Rosebery mine, geology of l5 level. 
4.3 Rosebery orebody, longitudinal projection. 
4.4 Method of unfolding orebody. 
4.5 Data points, metal zoning study. 
4.6 
4.7 
4.8 
4.9 
Third-order trend 
(a) Pb 
(c) Ag 
(e) Cu 
(g) Zn/Fe 
surfaces for metals -
(b) Zn 
(d) Au 
(f) Fe 
Pre-cleavage arsenopyrite in host rock. 
Type l arsenopyrite. 
Type 2 arsenopyrite . 
page 
3.28 
3.28 
3.30 
iv 
in pocket 
3.30 
3.32 
3.32 
3.37 
3.39 
3.39 
3.41 
3.43 
3.44 
3.46 
3.46 
3.47 
3.55 
3.55 
3.60 
3.69 
3.74 
4.2 
4.3 
4.4 
4.10 
4.11 
4.14-
4.16 
4.19 
4.19 
4.20 
List of Figures continued 
4.10 Type 2 arsenopyrite 
4.11 Mole % FeS in Rosebery sphalerites 
4.12 composition of chlorites from Rosebery 
4.13 Banded sulphide ore 
4.14 colloform carbonate 
5.1 Blotchy texture of K-feldspar. 
5.2 Quartz-sericite schist. 
5.3 Silicified tuff in massive pyroclastics. 
5.4 Albite-chalcopyrite vein in footwall schist. 
5.5 TiOz-Zr plot, Mt Read Volcanics. 
5.6 TiOz-AlzO; plot, Mt Read Volcanics. 
5.7 Co content of footwall schist pyrite. 
6;1 Distribution of sulphur isotope values, sulphide 
orebody. 
6.2 Sulphur isotope temperatures. 
6.3 Effects of Rayleigh fractionation and disequilibrium 
sulphide crystallization 
6.4 Change in sulphur source as a function of water: 
rock ratio 
6.5 Change in 8 3 ~ S values: leaching model 
v 
Page 
4.20 
4.23 
4.29 
4.31 
4.31 
5.2 
5.2 
5.6 
5.6 
5.9 
5.9 
5.15 
6.5 
6.10 
6.20 
6.32 
6.33 
6.36 6.6 Effect of hydrothermal solution: seawater mixing on 
.--8Eso, --~ 
7.1 Garnet-chlorite rock. 
7.2 Log aS2 - 1/T diagram showing stability field of 
arsenopyrite~ 
7.3 Log a02 ·• 1/T diagram showing conditions of chlorite 
equilibration, P =saturation pressure of water. 
7.4 Log a02 - 1/T diagram showing conditions of chlorite 
equilibration, P 1 kilobar. 
7.5 Log aOz- 1/T diagram showing conditions of chlorite 
equilibration, P = 2 kilobars. 
8.1 Log ~S0q/LH2S - T diagram, ml:S = 0.002. 
8.2 Sketch reconstruction of sulphide orebody. 
8.3 
8.4 
A5.1 
A5.2 
A5.3 
AS .4 
A5.5 
Density-temperature curves for mixing of 
solutions and seawater. 
Sketch of possible mode of ore formation 
of solution. 
Log l:SO,/l:HzS 
- pH diagram 250°C, ml:S = 
Log LS04/l:H2S - pH diagram 250°C, ml:S = 
Log Eso,;EH2S pH diagram 300°C, ml:S = 
Log l:so,/l:HzS -pH diagram 300°C, ml:s = 
Log l:SO,/EH2S - T diagram, ml:S = 10-2 . 
hydrothermal 
from plumes 
10-2 . 
10- 3 • 
-2 
lO 
10- 3 • 
7.4 
7.8 
7.16 
7.17 
7.18 
8.5 
8.11 
8.13 
8.15 
A5.3 
A5.4 
A5.5 
A5.6 
AS. 7 
